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TECHNICAL NOTE 271? 

EFFECT OF TEMPERATURES FR(M -70° TO 600° F ON STRENGTH 
OF ADHESIVE-BOHDED LAP SHEAR SPECIMENS OF CLAD 
24S-T3 ALUMINUM ALLOY AND OF COTTON- AND 
GLASS-FAPEIC PLASTIC LAMINATES 
By H. W. Elckner, W. Z. Olson, and R. F. Blomguist 

SUMMARY 


The performance of l4 commercial adhesives at temperatures from 
-70° to 600° F was evalmted in lap shear specimens of clad 2itS-T3 alumi- 
num alloy to Itself and that of 7 commercial adhesives at -70° to 250° F 
in lap joints of cotton- fabric -phenolic laminate to itself, of glass- 
fabric -polyester laminate to Itself, and in joints of each of these 
laminates to clad al umi num. One hot-setting tape adhesive was found to 
be significantly superior to all others in lap-joint specimens of alumi- 
num alloy to itself and that of 7 commerclai adhesives at -70° to 250° F 
mercial adhesives evaluated at -70° to 250° F in lap shear specimens of 
plastic laminates bonded to themselves and to aluminum had only fair 
resistance to stressing immediately upon reaching 250° F. The adhesives 
generally performed adequately in the various joints at -70° F. 


INTRODUCTION 


In the manufacture of aircraft, the bonding of panels of sandwich 
constructions of Aluminum to various core materials and the bonding of 
aluminum to Itself by means of adhesives offer several important advan- 
tages over other methods of fastening. Similar techniques for adhesive 
bonding of structural plastic laminates are also Important. A number of 
adhesives have been formulated for use in bonding metals, and some of 
■ these adhesives have also been used for bonding plastic laminates. Other 
adhesives have been formulated particularly for bonding these laminates. 
Adhesives of these types have generally proved to be satisfactory imder 
ordinary service conditions. In modern aircraft, however, such bonds 
may be exposed to very low ten^jeratures in arctic service or at high 
altitudes or to very high temperatures that may occur at high speeds 
or in certain parts of the aircraft. Limited available information 
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indicated that some of the current adhesives were not adequate for high- 
temperature service. 

The work for which the results are here presented was undertaken 
in order to evaluate more extensively the performance in aluminum lap 
joints of a nimiber of representative commercial metal -bonding adhesives 
at temperatures from - 70 ° to 600 ° F, both when tested immediately at 
these temperatures and when tested after several days of exposure at 
temperatures from l6o° to 450° F. Such performance data for these 
commercial adhesives were desired as a background on which to base new 
formulations of adhesives which might be adequate for aircraft use. 
Inasmuch as the field of adhesives for bonding structurail parts is in a 
state of constant fltuc^ as is evidenced by the frequent appearance of 
new commercial adhesives, as well as new or modified bonding procedures, 
the limited results reported herein should be viewed as representing 
only the relative efficiency of the adhesives when tested under the 
conditions specified. They are not Intended for use as a basis on 
which to select adhesives for aircraft use. 

The work herein reported ^as done in two separate series of tests. 

A first group of adhesives was systematically evaluated at a complete 
series of temperature conditioi^. A second series of adhesives was then 
evaluated on a much more limited scale by screening them at elevated- 
temperature conditions that had been found to be quite critical for the 
first group of adhesives. Only those adhesives considered to show 
xmusual promise at high temperatures in these screening tests were 
then evaluated more thoroughly over a larger range of temperature 
conditions . 

Because of the importance of certain high-strength plastic laminates 
in modern aircraft it was also desirable to make some prelimi nary inves- 
tigations of the perfo rm an cft both at an elevated and at a low tempera- 
ture of some of the better adhesives used in bonding these laminates to 
themselves. Only those adhesives that showed promising performance in 
these tests were further evaloiated imder the same conditions in bonds 
of these laminates to clad aluminum alloy. 

This investigation was conducted at the Forest Products Laboratory 
under the sponsorship and with the financial assistance of the National 
Advisory Committee for Aeronautics. 


PROCEDURE 

Adhesives 


The following commercial adhesives, identified in this report by 
the letters preceding the descriptions given below, were evaluated in 
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alxmlnum-to-alumlmun joints. A code sheet identifying the adhesives hy 

trade names or supplier is attached to the report as appendix A, 

A high-ten^)erature-settiTig formulation of a thermosetting resin 

and synthetic rubber (believed to be neoprene) 

B two-stage process; primary adhesive was A eind secondary 

adhesive was an acld-cateilyzed, intermediate-temperature- 
setting, phenol-resin adhesive 

C high-temperature-setting modified vinyl -resin formulation 

D high-temperature- setting modified vinyl -resin formulation 

E high-temperature-setting, two-component, modified vinyl- 

resin formulation 

E hlgh-ten^erature-settlng modified vinyl -resin formulation 

G hlgh-temperature-setting formulation of a thermosetting resin 

and synthetic rubber (believed to be butadiene-acrylonitrile) 

H high-temperature-setting silicone resin 

I high-teu^jerature-setting adhesive assumed to be a formulation 

of a phenol resin and a polyvinyl -butyral resin 

J high-temperature-setting adhesive in powder form assmed to be 

a formulation based on epichlorohydrin resins 

K high-temperature-settlng adhesive assumed to be of a modified 

polyvinyl -butyrsil base 

L room-temperature-setting adhesive assvnned to be a formulation 

based on epichlorohydrin resins 

M room-ten^erature-settlng adhesive assumed to be a formulation 

based on epichlorohydrin resins 

N high-temperature-setting tape adhesive assumed to be a 

formulation of phenol resin and synthetic rubber (probably 
butadiene -acrylonitrile ) 

In addition to adhesives D and M, the following adhesives were 

used in plastic -to-plastlc and in plastic -to-alumlnum joints. 
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room-temperature-setting resorcinol resin 


P room-temperature- setting polyester-resin formulation with 

henzoyl -peroxide catalyst and a commercial promoter 

Q room-temperature-settlng adhesive assumed to he a formulation 

based on epichlorohydrin resins 

R high-temperature-setting polyester-resin formulation with 

henzoyl-per oxide catalyst 

S room-temperature-settlng furane-resin formulation 


Test Panels and Specimens 

Aluminum-to-aluminum joints .- Test panels of al,umin\un-to -aluminum 
joints were prepared hy bonding two sheets of 0.06it-lnch- thick clad 2^-T3 
aluminum alloy, each 5 "by 8 inches in area, with an overlap of 0.5 inch 
along the 8-inch length. The panel and test specimen are shown in 
figure 1. Six specimens, each 1 inch wide and 9*5 inches long, were cut 
from each panel with a special power saw in such a manner that over- 
heating or mechanical damage to the specimen was reduced to a minimum. 

Plastic -to-plastic and plastic -to -aluminum joints .- Lap shear 
specimens of four types were prepared. These were: 

(1) Type A: Grade L cotton-fabric -phenolic laminate to itself 

(2) l^e B: Glass-fabric (l8l-U4) -polyester laminate to itself 

(3) linpe C: 2te-T3 clad aluminum to grade L cotton-fabric -phenolic 

laminate 

(Ij.) D: 24s-T3 clad aluminum to glass-fabric (l8l-U4) -polyester 

laminate 

Panels for specimens of types A and B were prepared by bonding two 

sheets of the laminate, each l/8 inch thick and 1^ by 10^ inches in 

area, with a 0.5-iD.ch lap along the 10^ -inch side, as shown in figure 2. 

Eight specimens, each 1 inch wide and 3^ inches long as shown, were cut 

from each of these panels with a special power saw in such a manner that 
mechanical damage and overheating of the specimen were reduced to a 
minlBrum . 
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Panels for specimens of types C and D were prepared by bonding 

strips of 0.032-inch- thick 2^-T3 clad alvuninum alloy^ each 1-- by 

o 

10^ inches in area^ with a strip of 0.032-inch- thick plastic laminate 

1/2 inch by 10^ inches in area^ inserted between the sheets of aluminum 
so that each edge of the aluminum overlapped the laminate^ as shown in 


figure 3* Eight specimens^ each 1 inch wide and 3^ inches long^ were 

cut from each of these panels with a special power saw^ as for types A 
and B. 


Preparation of Surfaces for Adhesive Bonding 

Aluminum .- Lettering and surface grease were first removed from the 
aluminum sheets by wiping \d.th a benzene-soaked cloth. The sheets were 
then iannersed for 5 minutes at ihO^ to l6o^ F in a bath of the following 
composition: 


Ingredient 

Paxts iDy wel^t 

Sodium dichromate 

1 

Sulfuric acid (concentrated) 

10 

Water 

30 


After removal from this bath the sheets were rinsed thoroughly in cold 
water ^ then in hot water, and then allowed to air-dry. 

Plastic ].aminates .- Plastic laminates were prepared by light 
sanding 'id.th medium-fine emery cloth and then wiped with a clean cloth 
saturated with ethyl acetate. 


Procedures for Bonding 

The conditions used for bonding the aluminum-to-aluminum Joints 
are given in table 1, and the conditions for bonding plastic laminates 
to themselves and to aluminum are given in table 2. The adhesive was 
always spread within k hours after cleaning the metal or plastic 
laminate . After their removal, from pressure all panels were conditioned 
for 7 days at 8o^ F and 30-percent relative humidity before individual 
test specimens were cut from them as previously described. 




6 


MCA TN 2717 


In Ijonding alnmimim to alumiiTum vith adhesives A to N the horLding 
conditions vere vithin the range recommended hy the manufacturer^ vith 
the exception of adhesive "^diich tras primarily intended as a metal 
primer used in combination trith other adhesives. The manufacturer’s 
recommendations for honding conditions for adhesive H therefore were 
not available. This silicone resin was used experimentally as an 
adhesive in this study because of the reputation of silicones as heat- 
resistant materials- 

Specific recommendations were not usually made by the adhesive 
manufacturers for use of their adhesives in bonding aluminum to plastic 
laminates or plastic laminates to themselves. However^ the adhesives 
used in bonding these materials were used following the manufacturers’ 
general recommendations for the adhesives^ with the exception of 
adhesive which was used with special promoters in an attempt to 
formulate an adhesive capable of curing at normal room temperatures. 


Testing Procedure 

Aluminum-to-alumi mim specimens . - The aluininTim-to-alTaminiun specimens 
were tested in tension shear in a universal -type testing machine. At 
-70^ and at 80^ P the specimens were held in self -alining wedge grips. 

At the other temperatures the load was applied through special slotted 
grips by means of pins 5 /l 6 inch in diameter^ which were inserted throiigh 
holes (3/8 in* in diam. ) drilled 3 /^ inch from each end of the specimen. 
These grips were self -alining. The latter method permitted rapid 
changing of specimens in the test machine and, therefore, reduced tem- 
perature fluctuations because the test-chamber door was open for shorter 
periods of time. This method of loading i^ith pins could not be used at 
-70^ to 80^ F because at these temperatures the specimens failed at the 
holes where the pins were inserted. At the higher temperatures the 
adhesive bonds were not strong enough to reach this level of strength 
of the metal. The load was applied at the rate of 600 pounds per minute 
until failure occurred. 

After failure, each broken specimen was examined and the percentages 
of failure that occurred in cohesion in the bonding agent and in adhesion 
of the bonding agent to the metal were noted. 

Plastic -to -plastic and plastic -to-alumTnnm specimens .- The plastic - 
to-plastic and plastic -to -aluminum specimens were tested in tension 
shear in a universal-type testing machine. The specimens were held by 
grips of the plywood-testing type with the jaws offset so that eccen- 
tricity was reduced to a minimum. Loading was at a rate of 60O pounds 
per minute until failure occurred. After failure, each specimen ■v/as 
examined and the percentages of failure that occurred in the laminate 
or in adhesion to the laminate or to the aliTmirmTn were noted. 
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Number of Test Panels and Specimens 

Alvunlnum-to-alumlnum Joints . - The number of aluminum-to-alumlnum 
test panels prepared depended on the nmnber of tests to be made. For 
the series of tests with adhesives A to G and with adhesive N, I7 to 
20 panels were prepared so that representative groups of six specimens 
could be tested under each of the test conditions shown for these 
adhesives in table 3* With adhesives H to which were given screening 
tests but were not included in complete evaluation tests, three panels 
were prepared and provided similar representative groups of six specimens 
for preliminary tests. Later, additional panels were prepared with the 
same adhesives under the same conditions and tested under other condi- 
tions. In such cases an extra control group of six specimens was al"v7ays 
retested at 8o° F. The rasults of tests of these control groups were 
in close agreement, except as noted in the tables. 

Plastic -to-plastic and plastic -to-aluminum joints .- Three panels 
were prepared for specimens of types A, B, C, and D with each adhesive 
and each plastic. Each panel provided eight test specimens. The 
2k specimens cut from these panels were then sorted into three repre- 
sentative groups of eight each for the various tests described in the 
section entitled "Test Conditions." 


Test Conditions 

Aluminum-to-aluminm joints . - In a complete series of testa, grot^js 
of six aluminum-to-alimiimmi specimens were tested at each of the following 
conditions : 

(1) Test 1: Tested immediately upon reaching equilibrium with each 

of the following temperatures: -70°^ 80°, l40°, l6o°, 200°, 250°, 350°, 

450°, and 600° F 

(2) Test 2: Tested after exposure for 192 hours (8 days) at each 

of the following temperatinres and while at these temperatures: l60°, 

250°, 350°, and 450° F 

(3) Test 3: Tested at room temperature after 192 hoiirs (8 days) at 

each of the following temperatures: l6o°, 250°, 350°, and 450° F 

(4) Test 4: Tested at -70°, 80°, or 400° F after exposure to three 
repeating cycles, each consisting of 3 hours at -70° F followed by 

21 hours at 400° F 


Temperatures were checked frequently with thermocouples. 
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For screening tests^ adhesives were first evaluated hy testing at 
80^ F^ at 450^ P after 192 hours at this temperature^ and at 80^ F 
after 192 hours at ^50^ F. 

Plastic -to-plastic and plastic --to~aluminum joints . - One group of 
eight plastic -to-plastic specimens of each plastic (types A and B) was 
tested at QqP F. Adhesives that were considered promising on either 
plastic in these tests at 80° F were evaluated further hy testing one 
of the other groups of specimens at -70^ F and the other at 250^ F as 
soon as the specimens had reached equilihrium at these temperatures. 
Adhesives that showed promise in these tests at -70^ and at 250^ F, and 
which on the hasis of other work were shown to he suitable for bonding 
aluminum^ were further investigated for bonding the same plastic 
laminates to clad aluminum alloy by preparing specimens of types C and D, 
These were tested at 80*^ and at -70^ and 250^ F immediately after 
reaching equilibrium at these temperatures - 


RFSULTS 

Alumi m3m-tO"Alum1 ram Joints 


Results of the tests of the various commercial adhesives in 
aluminum- to -aluminum joints are given in table 3* These results are 
the average of a number of tests as shoim in the table. Table k shows 
the maximum and minimum joint strengths obtained in these tests. 

Most of the adhesives had satisfactory strength when tested 
initially at 80^ F. Exceptions were adhesives G and H. These were 
probably incompletely cured under the curing conditions used^ since 
there was evidence to indicate that their over-all joint performance 
had improved somewhat more than that of some of the other adhesives 
when subsequently heated at F in the 192-hour exposures. As 

presently formulated^ however^ adhesives G and H could not be considered 
to be practical adhesives for bonding aluminum to itself for high- 
strength joints. 

Only adhesives G and N were considered to have promise for service 
at extreme high-temperature conditions^ in that these adhesives were the 
only ones evaluated that had reasonably good strength after 192 hours’ 
exposure at i^50° F when tested both at ^4-50^ F and at 80^ F (^39 Bni 
k86 lb per 0.5 sq in. average strength^ respectively^ for G and N at 
^4*50^ F^ and 605 and 606 lb per 0.5 sq in. average strength^ when tested 
at 80^ F after exposure at 450^ F) . Adhesives E and H had average 
strengths of 608 and 592 pounds per 0.5 square inch^ respectively^ when 
tested at 80^ F after 192 hours at F, but they retained only I6I and 

100 povmds per 0.5 square inch^ respectively^ when tested at 450^ F 
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after this exposure. Other adhesives gave lower values in hoth tests, 
always being lower in strength when tested at F than when tested 

at 80° F after this heat exposure. Adhesive N was the best in per- 
formance at 600° F when joints were tested immediately upon reaching 
equilibrium at this temperature, having an average strength of 114 poimds 
per 0.5 square inch, but this strength is probably of little significance 
in a consideration of structural applications. 

All adhesives lost significant proportions of their initial strength 
at 80° F when they were tested immediately after reaching equilibrium at 
temperatures of l60° F or higher. The magnitude of such loss in strength 
for each adhesive generally increased as the temperature of test increased 
except for adhesives B, C, and D. Adhesives A, B, and N were superior 
at the intermediate test temperatures, retaining considerably higher 
strengths at 250° F or higher than did any of the other adhesives tested 
immediately at these temperatures. It should be noted that these three 
adhesives were presmably formulated of phenol resins and synthetic 
rubbers and that other adhesives, believed to be composed primarily of 
phenol resins and thermoplastic vinyl resins, such as C, D, E, and F, 
had def ini tely lower strengths when tested immediately at 250° F or 
higher. Adhesive G, also believed to be a synthetic -rubber formulation, 
had low resistance to stressing at 250° F or higher. Adhesives K, L, 
and M, the latter two being room-temperature-setting eplchlorohydrin- 
resin formulations, had the lowest resistance to stressing at l40° and 
200° F and were the least heat resistant of all adhesives evaluated in 
this study. 

The relative behavior of several adhesives when tested immediately 
at 250°, 350°, or 450° F, and at either 80° F or these same temperatures 
after 192 hours at these elevated temperatures, is interesting and may 
disclose valuable information on the characteristics of certain resin 
formulations. The I92 hours’ exposure to 250° and 350° F Improved the 
strength of the joints made with adhesives C, F, and G when they were 
tested at 80° F following the exposure at elevated temperature, and for 
adhesive D when tested at 80° F after exposure at 250° F only. In some 
cases this- improvement was significant, as was that for adhesive G, which 
was previously noted to be slow in initial curing. Joints made with this 
adhesive increased in average strength from 778 (initial -value) to 
1635 pounds per 0.5 square inch when tested at 80° F after the 192-hour 
exposure at 350° F. Under the same conditions, joints made with adhesl-ve C 
increased in average strength fran I78I to 2495 pounds per 0.5 square inch, 
and those made with adhesive F, from 1182 to 1720 pounds per 0.5 square 
inch. Other adhesives, such as A, D, and N, lost a significant amoimt of 
strength because of this 192-hour exposure at 350° F. The improvement 
in strength noted in adhesives 0, F, and G was probably due, at least in 
part, to further cure or cross-linking than that which resulted xmder the 
initial curing conditions noted in table 1. Such further cure was also 
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indicated ty the increases in strength noted between the results of tests 
of specimens upon first reaching eq.tiilihrium at 250° and 350° F and hy 
the results of tests at these elevated temperatiures after 192 hours 
of exposure at these same temperatures. Joints made with adhesive B, 
for exan^le, had an initial average strength of 498 pounds per 0.5 square 
inch when' tested upon first reaching 350° F and an average strength of 
722 pounds per 0.5 square inch when tested at 350° F after 192 hours 
at this temperatvire . Adhesives C_, D, E, F, 0^ and N showed similar 
increases. More striking increases were noted at 250° F. Joints made 
with adhesive D Increased in average strength from 93 to 919 pounds per 
0.5 square inch after the 192-hour exposmre at this temperature. Some- 
what smaller increases were also noted for adhesives B, C, E, F, and N. 
Another striking example was noted for adhesive G at 450° F, where the 
average initial strength at 450° F of 46 pounds per 0.5 square inch 
Increased to 439 pounds per 0.5 square inch after 192 hours at this 
temperature. Increases in strength at 450° F were also noted for 
adhesives D, E, H, and N, althou^, with the exception of adhesive N, 
the improvements were probably of little practical significance. The 
strength of Joints tested at the elevated temperature after the 192 hours 
of exposure was, in general, considerably lower than when tests were 
made at 80° F after the same exposure. 

The performance of adhesives A and B was, in general, different 
from that of the other adhesives in the 192-hour exposiire at elevated 
temperatures. Joints made with adhesive A, in particular, had lower 
strengths after the 192-hour exposure at 250°, 350°, and 4-50° F than 
sim i lar Joints tested upon reaching these temperatures. Joints made 
with adhesives A and B both lost essentially all strength after the 
192-ho^n^ exposure at 450° F when tested at 450° F, and they regained 
none of this strength when cooled to 80° F after this exposure. It 
should be noted that these two adhesives, A and B, had the highest 
average strengths of all adhesives evaluated (475 and 510 lb per 0.5 s<3 
in., respectively) when tested upon coming to equllibrittm with 450° F, 
but that when tested either at 80° or at 450° F after 192 hours at 
450° F, these same adhesives had the poorest performance. 

These data, then, show interesting differences in both the initial 
thermostability of adhesives at elevated temperatures, probably because 
of variations in thermoplasticity of the resins involved, and in the 
resistance to thermal degradation of these adhesives after a period of 
8 days at these same elevated temperatures. Loss of strength in the 
long exposure may be caused either by actual chemical degradation of the 
resins or by further curing of the resin beyond an optimum point that 
results in glue lines with excessively high strains that produce failure 
at lower levels when stressed in the testing procediire used in the present 
study. Adhesive N is believed to represent the most successful compromise 
between an adhesive having sufficient strength after initial cure, one 
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having sufficient resistance to thermal softening over a range of 
elevated temperatures, and one having resistance to further degradation 
as a result of exposure at these elevated temperatures for severaJ. days. 

Joints tested immediately upon reaching equllihrium at -70° F 
generally had lower strengths than those tested at 8o° F. Exceptions 
were noted for adhesives A and G. The former had an average strength of 
1530 pounds per 0.5 square inch at 8o° F and of 2813 pounds per 0.5 square 
inch at -70° F and the latter had strengths of 778 and 1493 pounds per 
0.5 sqrxare inch, respectively, under the same conditions. Adhesives E 
and N showed decreases of only 11 and 7 percent, respectively, when 
tested at -70° F, while adhesives B, C, D, and F lost from 32 to 60 per- 
cent of their average strength at 80° F when tested at -70° F. The 
joints were always much stronger at -70° F than at 250° F or higher, 
either when tested upon reaching the ten^jerature (test l) or after 
192 -hour exposures to such elevated ten^jeratures (test 2) . Performance 
of these adhesives in such a1 um1 -num -tn- Rl itttiI mmi joints at -70° F did not 
appear to be so serious a limitation to their utilization as was their 
performance at the elevated temperatures. 

The cyclic exposure at -70° and 400° F (test 4) was not so severe 
as the 192 -hour exposure at 350° or 450° F (tests 2 and 3)* Restilts in 
test 1 at - 70 ° F indicate that the part of the cycle involving the low 
temperature probably had less effect on joint performance than did the 
portion at i(O0° F. >fhen the specimens were tested at 80° F after the 
three cycles strength values were generally higher than when specimens 
were tested after exposure for 192 hours at 350° F (test 2) and were 
generally lower than when tested at 80° F after 192 hours at 350° F 
(test 3 ) • Tests made at 8o° F after the cyclic exposure generally gave 
higher strength values than those obtained in tests at 8o° F after 
heating for 192 hours at 450° F (test 3) • Adhesive B had the highest 
strength (558 lb per 0.5 sq in.) when tested at 4O0° F after cyclic 
exposure . 


Plastic -to-Plastlc and Plastic -to -Aluminum Joints 

The results of tests of plastic -to -plastic and plastic -to-alumlnum 
joints are given in tables 5 and 6. The averages of the results of a 
number of tests are given in table 5 and the maximum and minimum joint 
strengths obtained in these tests are given in table 6. 

Adhesives 0, P, and R gave average strengths of 322, 327 , and 421 
pounds per 0.5 square inch, respectively, in phenolic laminate specimens 
at 80 ° F and were not considered to be sufficiently promising to justify 
further investigation in this work. Adhesive 0 was also not considered 
promising enough for bonding glass-fabric laminates to justify fisher 
evaluation. Adhesives D, M, Q, and S gave initial average strengths at 



12 


MCA TN 2717 


80 ° F of 639 to 648 poxmds per 0.5 sguare inch in the phenolic laminate 
and resulted in large amounts of plastic failure. Adhesive D was the 
most promising at 250° F, retaining an average strength of 4l4 pounds 
per 0.5 sguare inch, and adhesive S was next with 276 pounds per 
0.5 square inchj adhesives M and Q, in turn, retained I 88 and II 8 pounds 
per 0.5 sgviare inch, respectively, at 250° F. All four adhesives 
retained all of their initial strength at 80° F when tested at -70° F 
in phenolic laminate Joints. 

In Joints of glass-fahric laminate to Itself, adhesive D gave 
considerahly higher initial average strength at 80° F (UOO Ib per 
0.5 sq in.) than it did in phenolic laminate Joints, mainly because 
of less failure in the stronger glass-fabric plastic laminate. Strength 
resxilts with adhesives M and Q in glass-laminate specimens were about 
the same at 80° F as they were in phenolic laminate specimens, and 
similar Joints made with adhesive S were somewhat lower in average 
strength at 80° F (420 lb per 0.5 sq in.) than for this adhesive in 
phenolic laminate Joints (639 lb per 0.5 sq in.). Performances of 
these adhesives at 250° F in the glass-fabric laminates were quite 
similar to those in the phenolic laminates, with strength values for 
adhesives D and S being somewhat lower and the strength value for 
adhesive M being somewhat higher on glass -fabric laminates. Adhesive D, 
the only one used in a1 umi mTm -tn- n.T nmi m-rni Joints and tested immediately 
after reaching equilibrium at 250° F, had an average strength of 
93 poimds per 0.5 square inch in metal-to -metal Joints at 250° F, as 
previously mentioned, as compared with 4l4 and 303 pounds per 0.5 square 
inch in the plastic -to -plastic Joints of the two laminates in the present 
study. All adhesives in the present study of glass -fabric -laminate 
Joints retained essentially all of their initial strength at 80° F when 
tested at -70° F except D, and the strength of the Joints with adhesive D 
at - 70 ° F was still 862 pounds per 0.5 square inch. 

Only adhesives D, M, and Q were considered to be of sufficient 
promise to be evaluated in plastic -laminate-to-altmilnum Joints, since 
previous experience in other studies had indicated that adhesives P, R, 
and S were not promising for bonding to aluminum. Adhesives D and Q 
produced Initial Joints with both laminates to aliimlrrum that were 
approximately equal in strength at 80° F, whereas adhesive M was some- 
what inferior. The relative performance of these adhesives at 250° F 
was somewhat similar to that of the same adhesives in plastic -to-plastlc 
Joints, with adhesive D being considerably superior to adhesives M and Q. 
Performance of these same adhesives in plastic -to-metal Joints at -70° F 
was distinctly poorer than that for these same adhesives at 80° F, or 
than that in plastic -to -plastic Joints at -70° F. Failures were largely 
in adhesion to the metal or to the plastic, which may have been caused 
by excessive differential stresses exerted in the glue lines between the 
dissimilar materials at this low ten^peratur e . Adhesive D was the best 
of the three adhesives at -70° F, retaining 60 and 84 percent. 
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respectively, of the average strength at 80° F In the Joints of the 
phenolic laminate to aluminum and of the glass-fahric laminate to 
aluminum. 


Adhesive D, a hot-setting formulation, was thus the most promising 
adhesive for bonding both plastic laminates to themselves smd to aiiTmimmi 
where resistance to stressing at both -70° and 250° F is in^rartant. The 
two room-temperature-setting formulations M and Q were inferior to D in 
resistance to softening at 250°. F and, to a lesser extent, to resistance 
to stressing at -70° F in the plastic -to -metal joints. 


SUMMARY OF RESURTS 


The following results are derived from an investigation of the 
effect of temperatures from -70° to 600° F on the bond strength of 
lap shear specimens of clad 23S-T3 alumlmmi alloy and of cotton- and 
glass-fabric plastic laminates. 

1. The most promising commercial adhesive tested, from the stand- 
point of resistance to temperatures of l(-50° F or hl^er, was adhesive N, 
a hot-setting tape adhesive assumed to be a formulation of phenol resin 
and synthetic rubber, probably butadiene-acrylonitrile. Rone of the 
other adhesives tested was considered to be as promising for applications 
where resistance to temperatures of ^50° F or higher is required, althoxigh 
adhesive G, a slow-curing adhesive, also believed to be a fonnulation of 
phenol resin and a synthetic mbber, had promising resistance to pro- 
longed exposure at high temperatures. Adhesives A and B, containing 
another type of synthetic rubber, were not promising for high-teiiqperature 
service. 

2. Adhesive D, a high-temperature-setting, modified vinyl-resin 
formulation, was the only adhesive investigated that had reasonably 
good adhesion in al.umi num-to-alumimmi, in glass-cloth-phenolic laminates 
to themselves, and in lam1nate-to-a1uminum joints and which had any 
reasonably good resistance to temperatures as high as 250° F. 

3. Of the adhesives foiand to be suitable for bonding phenolic -cotton- 
fabric or polyester- glass -fabric laminates to themselves, none had any 
outstanding resistance to thermal softening when tested upon reaching 
250 ° F. 

4. The shear strength of lap-type specimens of aluminum or plastic 
laminates bonded with the various adhesives in this study was considerably 
less affected by stressing at -70° F than by stressing at 250° F or hi^er. 


Forest Products Laboratory 

Madison, Wise., January 26, 195I 
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The shear strength of lap-type specimens of aluminum or plastic 
laminates bonded with the various adhesives in this study was con- 
siderably less affected by stressing at -70° F than by stressing at 
250° F or higher. 


Forest Products Laboratory 

Madison^ Wise., January 26, 1951 
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APPENDIX 

CODE SHEET IDENTIFYING ADHESIVES USED IE INVESTIGATION 


The trade names or suppliers of the adhesives used In the present 
investigation are as follows: 

A Cycleweld C-3 

B Cycleweld C-3 with Durez 13297 
C Cycleweld 55-10 
D Plycozite II7C 
E Redux E 
F Bakellte XC1632O 
G Pliohond M-20 
H GE 12513 

I adhesive supplied hy B. B. Chemical Co. 

J Araldlte Type 1 
K Plastilock 500 

L adhesive L-1372 of the Specialty Resins Co. 

M adhesive L-I358F of the ^eclalty Resins Co. 

N Plastilock 601 Tape 
0 Amherllte PR-II5 

P Selectron 5OO3, with 1.6 percent henzoyl peroxide and 
3 percent promoter RT-1 
Q Cycleweld C-11 

R Selectron 5003, with 0,8 percent henzoyl peroxide 
S Resin X-2 
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TABLE 1 

CONDITIONS USED IN BONDING LAP SHEAR TEST SPECIMENS 
OF CLAD 24 S-T 3 AIDMINDM ALLOY 



Method of 

Open 

assembly 
at room 

Pre curing conditions 
after open assembly 

Bonding 

Curing conditions 

Adhe- 

sive 





applying 

adhesive 

conditions 
after last 
coat 
(hr) 

Tenqperature 

C^) 

Time 

(min) 

pressure 

■ (psi) 

Temper^ 

ature 

(Op.) 

Time 

(min) 

A 

Spray 

4 o to 

— 

— 

250 

350 

25 

B 

(a) 

2 k 


— 

250 

225 

60 

C 

Spray 

1*8 to 68 

200 

45 

150 

300 

30 

D 

Spray 

68 

^200 

45 

250 

300 

15 

E 

(c) 

1*0 to 1 * 1 * 

— 

— 

250 

300 

10 

F 

Web 

20 

— 

— 

250 

300 

25 

G 

Brush 

16 to 24 

200 

10 

250 

350 

25 

H 

Brush 

8 

320 

20 

200 

1*00 

192 

I 

Brush 

Overnight 

350 

12 

250 

350 

10 

J 

Sprinkled 

®None 

— 

— 

5 

360 

120 

K 

Brush 

1 

325 

15 

250 

325 

30 

L 

Brush 

None 

— 

— 

5 

75 

Ovemi^t 

M 

Brush 

None 

— 

— 

5 

75 

1 

Overnight 

N 

One layer 
of tape 

None 

— 

— 

250 

4oo 

15 


^Primary adhesive was applied by spray and secondary adhesive, by 
brush. Primary adhesive was assembled and cured as for adhesive A, except 
that no pressure was used during curing in open assembly. 

followed by precuring in closed assembly at 300 ° F for 9 niin. 

° 0 ne conponent was applied by brush and the other, by dusting while 
first component was wet. 

<^On metal heated to 200 ° F. 

^etal only cooled to room tempemtuxe. 





3 E 


KACA 0?N 2717 


L7 


TABLE 2 

COHBITIONS USED IN BONDING LAP SHEAR TEST SPECIMENS OF 

I 

PLASTIC LAMINATES TO THEMSELVES AND TO CLAD 
24S-T3 ALUMINUM ALLOY 



Method, of 

Assemhly 

conditions 

Precuring 

conditions 

Bonding 

Curing 

conditions 



Adhesive 

applying 

adhesive 

pressure 

(psi) 

Temper- 

ature 

(°F) 

Time 

(hr) 

D 

Spray 

16 hr at 
75° F plus 
45 min at 
200° F 

9 min at 

300° F 

150 

300 

1/4 

M 

Brush 

Immediate 

assemhly 

No precure 

5 

75 

16 

0 

Brush 

5 min open 
plus 10 min 
closed 

No precure 

150 

75 

16 

P 

Brush 

Immediate 

assemhly 

No precure 

150 

75 

16 

Q 

Brush 

Immediate 

assemhly 

No precure 

5 

75 

16 

R 

Brush 

3^ hr open 

No precure 

150 

250 

1 

S 

Brush 

5 min open 
plus 10 min 
closed 

No precure 

5 

75 

16 

















00 


TABUS 3 

JLTOAOT BTCTTTjm (ff ieotB CF UP BHIAB SStOmOG OF CUD 21^-13 AUKDrON AliOT BOCDS) TO HBH7 
Vm BE¥IBAL CQB<niCIlL AECESIVra AID TKBKID DflCDIAHeEr AHD IFTIR 
AODCa AT TAKEOCa TiMPIRAT®B 


flach TttlttB Ifl aw*«* of roattita of ieots on ila epaciMiu except In toit 3 tor aObeeiTao A to 0, Mharo eaoh 
^ TeOjaa lo averac* of rwnlto of toote on two ■pooimoni. Wbero do are glTon, no teeto v«r» madej 



®Dat* bar® reportod for adhedTOB 0, D, E, and T taatad lamedlataly at taapomturee of 00®, l60°, 250°, 350^> ^?0^/ and 600° J varo froii t«te oofiduotad Jointly By tha 
HACA aod imdar a projact in coopon.tlon vltb AKC-23 Penal on Aircraft Doalgn Criteria, 

^*Ta*ta at ani 2(Xp I vara tad® on a aaparata larlas of epeol»9ne »ada in tba aa=a vny aa tlia orleinal eerlee and In qom caaoa vltB dlffaraat o«pleB ol adhoad™. 
Control teatj ■ado at 80° T on ttila locood aarioc caro result* ganerElly In good urenaant alth. olaller control teats In tha original sarlea, teeptlone vcre y ltb^adhaalva C, 
In vtilch tto control valnae in Iba ttcoad ■•rios ecroraged fiGoV Ib/o.5 wj In- atarangUi and edbesloci faUnre, and vltb adbaalTo In v Mrh ttio control vnlnee for 

tbe a«ri«a taatad at IkCP and £00° P aroaged 9& in- etroith and fi5-P«rc«it adhealon failure. 
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TAU£ 5^- Cowlt^oi 


ATERJOE BimaB Of «TB (F UP ficui cr cuj) 2^-13 ALsaKOi aujx Bcn» to utcef 

vm sraiAA oaoeuiiAL azussiteo uk> t£BIS) iWESumi itD Ana 
AOIEO AS Tm003 WiafStJXm - OooUiitad 



H 

VO 
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TABU) V 
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TABLE 5 


AVraAOE BESDLTS CP TE3TB CP LAP SHSMB BFBOIUQC OT msCtC LAMXBUEB BOICSB TO THB CELV iH AID OT FU5TI0 
lANIElAIEB BOCrO TO CLAD AIOdSOH VTIE SEVBUL OOK»£3tCIAL AMTS ITM AH) T1BTX3) AT 

-TO®, 6o°, AjDD 550° F Ewmumr npoif biachik BODiiJiaiuM 

iff THEBE TEWXBATIJHEB 




h TTilii* Ifl i.T«r«L£* of n»BUlta of tirba on epeclaana. FaJULora not rocor<M «ma tunmUy coharlom 

fallura In adha^ve. Where no -mlota tra ^vanj no teets vere mda^ 


Adbe- 

nra 

^fpe A^: <lmda L cottoo- 

fabric -phenolic laninata 
taatail at - 

Tjjm <Haat-fabrlo 

(lBl-ll4)-palyeotor liralnata 
teetod at - 

1 

8cy5 7 

250° F 

-70° F 

00° r 

250°F 1 

Ararac* 

Bbeer 

atraufftb 

oq In.y 

PlaatlQ 

falXora 

* (2) ’ 

Adbaaii>ci 

failora 

fparcfrt) 

Avere^a 

ehser 

otreagth 

(Th/O,^ 

eq ia.J 

Plaatlc 

failure 

fpercQist) 

(3) 

Adhaalon 

fallnra 

(jerc“t) 

Avarafe 

ahaer 

atrecgth 

(lh/0 = l 

eg kn,y 

POaatlc 

fetlnra 

(parceEt-) 

Adhaalon 

fallcra 

(perceEt) 

Areraga 
ah tar 
atrangth 
(Ib/O*^ 
eq in* 5 

Plaatlc 

f^Lilura 

Adhealon 

failure 

{ TW^TTf:^ 

Average 

abmr 

rtrength 

aq ln*5 

Plarttc 

fallxrro 

(perceEfc) 

Adhealon 

fallrtre 

f-n*rpQTTh^ 

ATeroga 
flheer 
rtrength 
(lb/0=*' 
aq ln.y 

Plaatlc 

failure 

(percent) 

Adhealon 

failure 

D 

665 

IDO 

5 

6M^ 

100 

0 

klk 

0 

66 

d6& 

18 

62 

1100 

13 

79 

303 

0 

41 

H 

691 

100 

0 

6kB 

100 

0 

188 

0 

E9 

ei5 

25 

75 

684 

€ 

94 

287 

0 

37 

0 

— 

— 

- 

352 

0 

100 

— 

- 

-- 

— 

- 

— 


2 

97 

— 

- 

— 

P 

— 

... 

- 

3fl7 

0 

100 

— 

- 

- 

421 

0 

100 

466 

0 

100 

eid 

0 

100 

9 

657 

100 

0 

6Ik> 

zoo 

0 

nfi 

0 

5 

a?9 

49 

51 

642 

a 

92 

119 

1 

22 


— 

— 

- 

kax 

0 

100 

— 

- 

- 

761 

32 

60 

790 

20 

00 

333 

13 

22 

B 

700 

100 

0 

639 

75 

55 

276 

. “ J 

49 

546 

5 

6e 

420 

5 

92 

143 

5 

68 



ro 

H 


-^Dre A apeolnea oooeleted of tvo 1- by plaoae of l/d-ln, -thiok gnda L cotton-fnbrlo-ptanollo IcKLaata Inp-Jolnted 'for 0*7 In^ 

3rypa B apeoltea mia tt» ama ae typo A azcapt t^t tha lanlnmte oeod vaa l/6- In. -thick glaaj^fnbrlo (l8l-U.li-)-polyfator laalmto. 
^Vbora 100-perc«»t plnatlc fklluraa are ehovo^ fallorea vert cAlnly In teaalj». 
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0 HpoolsQn aoMltftftd of tsD 1^ Vj 1^-lxu plioM of 0.032«<1il. 245^^ olad alsnlma ollogr crv« 2 >Iftpp*d for 0,^ la, vltli i. ■h±a of 0.032-ln. ez«At L cotton- fft'brlc- 
pboaoUo laainato In tb« Imp area. 

^Tjp* S Bpoolmon vma tha mmitm «s type 0 vpealmenm exoopt tbftt the ihlM in tbi Inp mretL vaa of 0.03a-ln« elOM^futrlo (l6l-IXt)-polj««tmr Immlimtm, 



to 

-3 
















































TABIE 6 


MIHIMUM AXID MAXIMUM SaKENGPTH VALUES OF !EESTS OF lAP SHEAR SHCIME 13 B OF PLASTIC LAMIHATES 
BOHDED TO mEMSELVES ABB OF PLASTIC LAMHIATES BOHDED TO CLAD AITOELBUM WITH 3 EV 31 AL 
COMMHICIAL ADHESIVES AND TESTED AT - 70 °, 80 °, AND 250 ° F IMMEDIATELT UPON 
REACHUfO EQUILIBRIUM AT THESE TKJIBRATURES 


Adhesi-v^e 


Mlndjiiuin and mR-yiTTPim etrengi^h value b 

(lb/o.5 0q in.) 


Type A-; Grade L cotton- 
fabric -phenolic laminate 
tested at - 

u^e Glass-fabric 

(l 8 l-ll 4 ) -polyester 
laminate tested at - 

Type C^: 248 -T 3 clad 

oluBdjuim to grade L 
cotton- fabric -phenolic 
laminate tested at - 

THrpe 24 s -T 3 clad 

aluminum to glass- 
fabric (l 8 l-U 4 ) -polyester 
laminate tested at - 

- 70 ° F 

80° F 

250° F 

-70° F 

80 *^ F 

250° F 

-70° F 

80° F 

250° F 

-70° F 

80° F 

250° F 

632-740 

672-727 

615-655 

615-690 

280-360 

280-385 

595-676 

365-490 

600-680 

250-485 

170-205 

800-912 

487-957 

935-1320 

385- 870 
365- 455 

Imn- 

-rw- 

600- 712 
T 4 o- 835 
315- 485 

175-460 

212-330 

235-267 

120-155 

360-472 

245-330 

135-185 

75-100 

287-365 

155-240 

370-442 

310-425 

185-335 

45- 57 

622-708 

95-130 

825-986 

640-852 

405-660 

orv^_o*v^ 

— f— 

80-150 

265-420 

120-160 

165-225 

378-702 

S 5 - 65 

172-274 

444-704 

20 - 45 

645-748 

195-365 














D 

M 

0 

P 

Q 

R 

8 


^ype A specimen consisted of two 1 - "by 1 ^- in, pieces of l/8- in. -thick grade L cotton-fahric -phenolic laminate 

o 

lap-jointed for 0^5 in. 

^Type B speclinen was the some as type A except that the laminate used was l/8- in, -thick glass-fahric (l8l-Ul|')- 
polyestsr laminate. 

^ype C apeclmen consisted of two 1- by l-J - in, pieces of 0,032- in. 24 S-T 3 clad alimimm alloy overlapped for 

a 

0.5 iJi* with a shim of 0 . 032 -in. grade L cotton- fabric -phenolic laminate in the lap area, 

Vype D specimen was the same as type C specimens except that the shim in the lap area was of 0,032-in. glass- 
fabric ( 181 - 114 ) -polyester laminate. 
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Figijre 1.- Test panel and test specimen for evaluation of adhesives 
in joints of clad aluminum to itself. 
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0-032” CLAD ALUMINUM 24S-T3 



Figure 3.- Test panel and test specimen for evaluation of adhesives 
in joints of plastic laminates to clad aluminum. 
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